We use the currently most complete collection of reliable Cepheid positions (565 stars) out to ∼ 5 kpc based mostly on our photometric data to outline the spiral pattern of our Galaxy. We find the pitch-angle to be equal to 9-10 o with the most accurate estimate (i =9.5 ±0.1 o ) obtained assuming that the spiral pattern has a four-armed structure, and the solar phase angle in the spiral pattern to be χ ⊙ = 121 o ± 3 o . The pattern speed is found to be Ω sp = 25.2 ± 0.5 km/s/kpc based on a comparison of the positions of the spiral arms delineated by Cepheids and maser sources and the age difference between these objects.
Observations show that in other spiral galaxies gas and young stellar populations concentrate toward practically the same arms and hence young stars and clusters should be good tracers of the spiral pattern. However, we reside inside the Milky Way and therefore cannot look at it from outside like an external galaxy. Hence our tracers have also to be good distance indicators observable at large enough distances to qualify for the task. Maser sources have become very promising tracers of the structure and kinematics of the Galactic disk in recent years because of their accurate radial velocities combined with precise VLBI trigonometric parallaxes and proper motions determined within the framework of several dedicated projects (Kim et al. 2008 ; Reid et al. 2009a , Rygl et al. 2010; Bobylev & Bajkova, 2013) . However, the number of masers with precisely measured parameters remains rather small (about 130 objects) to allow detailed tracing of the Galactic spiral structure. Classical Cepheids, which are young stars whose relative distances can be estimated very accurately via the period-luminosity relation, appear to be among the objects best suited for the task.
Thus recent studies of M31 resulted in the discovery in that galaxy of more than 2000 Cepheids (Kodric et al. 2013 ), all of which, except for about 150 Type II Cepheids, concentrate to the spiral arms, and we can expect Cepheids in our own Galaxy to behave similarly. Extensive precise multicolor photometry collected for Milky-Way Cepheids over many years (Berdnikov 2008; Berdnikov et al. 2011 Berdnikov et al. , 2014 , combined with a reliable period-luminosity relation (Berdnikov, Dambis & Voziakova 2000) , make these variable stars efficient tracers of the positions of spiral arms out to a heliocentric distance of about 5 kpc, allowing the parameters of the entire spiral structure to be determined under the assumption of its regularity. Warren, and Cousins (1978) . Since the underlying distance-scale calibration yields a solar Galactocentric distance of R 0 =7.1 kpc, we adopt it throughout this paper for consistency.
OBSERVATIONAL DATA FOR THE MILKY WAY CEPHEIDS
Note that our results expressed in terms of θ and R G /R 0 remain practically unchanged if we compute distances based on a more recent PL relation of Fouque et al. (2007) and at the same time upscale R 0 to ∼ 8.0 kpc. Figure 1 shows the distribution of our Cepheid sample projected onto the Galactic plane. Figure 2 shows the same Cepheids in the log (R g /R 0 ), versus Galactocentric azimuth, θ, coordinates. The latter diagram is more convenient for identifying eventual spiral patterns because logarithmic spirals
SPIRAL ARMS OUTLINED BY CEPHEIDS
become straight lines
where α 0 = log a 0 , i is the pitch angle, and θ 0 is some arbitrary initial angle, which we set equal to zero, θ 0 = 0 (see, e.g., Bobylev & Bajkova (2013)). As is evident from this figure, the distribution is highly incomplete outside the region -0.7 ≤ θ ≤ +0.3, -0.45 ≤ log(R g /R 0 ) ≤ +0.7 shown in Figs. 1 and 2 by the dashed annular sector and dashed rectangle, respectively. Hereafter we use only the 565 stars located within this sector/rectangle in our search for spiral fragments.
Search for the major arm fragment
Given that spiral-arm equation is linear in the coordinates θ -log (R G /R 0 ), our task is to identify linear chains in Fig. 2 that contain as much points as possible and at the same time have the smallest possible cross-chain scatter. To this end we use a slightly modified version of the "simple approach" described by Guerra & Pascucci (2001) . The idea of this simple approach is "to search for the optimal line among those defined by pairs of points in the dataset". In the version outlined in the above paper the number of other points lying within a certain "distance" ǫ from the two-point line defined is determined, and the best line is considered to be the one with the maximum number of such points.
Our approach differs in that instead of fixing ǫ and maximizing n we fix the the number of stars n and minimize the cross-line scatter. More specifically, for each two-point line we find n points that are closest to it (including the two line-defining points), and determine the mean squared deviation of selected n points from this line along the log (R G /R 0 ) direction. Our best n-point line is the one with the smallest mean squared deviation of n points closest to it. To identify the dominating spiral in the distribution of Cepheids, we search for such best lines corresponding to various n in the n = 10-100 interval and see how the parameters of these lines (α 0 and tan i) vary with increasing n. In Figs. 3 and 4 we plot the resulting parameter estimates α 0 (n) and i(n) as a function of n in the 10-100 interval for our sample of 565 Cepheids. As is evident from the figures, both parameters are rather stable in the range n =17-76 (α 0 (n) remains within the -0.094 to -0.101 interval, and i(n) within the 8.98 o -10.74 o interval) changing abruptly with further increase of n.
We therefore assume that the chain of n max =76 stars with the minimal scatter outlines the major spiral arm in the distribution of Cepheids considered. The parameters of the resulting spiral (determined via linear least-squares solution based on n max =76 stars) are:
with the cross-spiral scatter of σ log(R G /R 0 ) = 0.013. 
Search for other arms structures
To find other arm structures present in the distribution of the Cepheids of our sample, we assume that the pitch angles of these structures do not differ drastically from that of the major arm identified in the previous subsection. To identify such structures, we plot the histogram of the quantity x=log (R G /R 0 ) + tan i (car−sgr) θ (Fig. 8) . In this histogram three dips can be seen at x=-0.275, +0.075, and +0.325, which separate four peaks at
x ∼ -0.325, -0.100, +0.175, and +0.425. The most conspicuous among them is the peak at x ∼ -0.100, which corresponds to the Carina-Sgr arm already identified. Our next target is the spiral that lies beyond the Carina-Sagittarius arm when observed from the Sun, i.e., closer to the Galactic center. To determine its parameters, we fit regression equation (2) to the data for 23 stars with x < -0.275: We summarize the parameters of the identified arms in Table 1 . Note that while the two arms closest to the Galactic center are narrow and well defined, the two external arms appear rather loose and flocculent -this might be due to the fact that the two outer arms are located beyond the corotation radius, whereas the two inner arms are inside the corotation. The inferred pitch angles for all the arms are quite consistent except for that of the Perseus arm, which is smaller by about 2σ than the overall value. Forcing the same pitch angle for all four arms with weights inversely proportional to 1/(σ x 2 ) gives the results summarized in Table 1 .
Finally, if we assume that the spiral pattern of the Milky Way has a four-armed structure and force our solution to represent four global grand-design arms with each being identical to the previous one rotated by 90 degrees then the global pitch angle and parameters α 0 and a 0 are equal to the values listed in Table 1 . We show the resulting grand-design spiral pattern in Fig. 11 . Note that the global pitch angle in this case (i=- and ∼ 2.3 compared to the four-armed pattern, respectively. Moreover, the pitch angle determined under the assumption of the three-armed spiral structure is at the lowest limit of the distribution of observed pitch angles for the nearest spiral galaxies [|i| min ∼ 6.5
o -see Kennicutt and Hodge (1982) and Kendall, Clarke, and Kennicutt (2015)], and the "two-armed" pitch angle falls outside the observed distribution. Note also that threearmed spiral galaxies are very rare. Taken together, these circumstances can be viewed as indirect evidence for the four-armed structure of the spiral pattern in our Galaxy.
Based on the results listed in Table 1 
PATTERN SPEED
We now try to estimate the angular speed Ω sp of the Galactic spiral pattern. We do it by comparing the positions of Cepheids in the spiral arms with the positions of the corresponding arms traced by very young objects -Galactic masers with accurate VLBI trigonometric parallaxes as determined by Bobylev & Bajkova (2014a) (see Table 2 in their paper):
We begin with the best-determined Carina-Sagittarius arm. Its parameters determined from masers are α maser = -0.166 and tan i maser = -0.163. Given the very young age of maser sources we assume that eq. (7) defines the current location of the zero-age spiral arm (i.e., the locus where new stars are currently born). We can rewrite eq. (7) in the following reversed form:
We then account for the shift (azimuthal turn) of the spiral wave during time t equal to the age of a particular Cepheid and find that at the time of its birth the angle θ of the Cepheid is given by the equation
Finally, during time t differential Galactic rotation should have increased angle θ by Ω(R G )t and hence the current coordinate θ of the Cepheid should be equal to:
It follows from this that
We now compute the ages t of 76 Carina-Sagittarius arm Cepheids based on their pulsation periods using the period-age relations for fundamental-mode and first-overtone solar-metallicity (Z=0.02) Cepheids determined by Bono et al. (2005) (see Table 4 in the corresponding paper) and use the rotation-curve parameters determined by Bobylev & Bajkova (2014b) (eq. (9) in the corresponding paper) to compute the Ω(R G ) values. To
determine Ω P , we solve eq. (11) via least squares method to obtain:
We similarly determine the pattern-speed estimates based on the positions of Cepheids in 
The three estimates agree excellently with each other, however, the similarly inferred result for the Inner arm:
appears highly discrepant, possibly due to (1) the fact that the second-order expansion fails to properly describe the behavior of Ω(R G ) at small Galactocentric distances and (2) the wrong delineation of the Inner arm in Bobylev & Bajkova (2014a), where it is based on only four masers. We therefore average the estimates obtained from Cepheids in the other three arms:
his result is consistent with recent independent determinations, which, according to the review by Gerhard (2011) 
CONCLUSIONS
Our analysis of the spatial distribution of 565 classical Cepheids based mostly on our extensive photometric data to identify four spiral-arm fragments of the global spiral pattern.
Note that the outer arm, which is most distant from the Galactic center, is actually identified by the positions of newly discovered Cepheids. We found a well-defined signature of 
